Changes in the intracellular free calcium concentration of Aplysia and leech neurones measured with calcium-sensitive microelectrodes.
The intracellular free Ca concentration was measured in invertebrate neurones using single-barrelled and double-barrelled neutral-carrier microelectrodes. The electrodes were calibrated in solutions containing different Ca concentrations between 1 mM and 0.01 microM. The electrode responses were also tested at different ionic strengths and at varying Na concentrations. The electrodes responded with 25-30 mV per 10-fold change in Ca concentration between 1 mM and 1 microM and with 10-25 mV between 1 and 0.1 microM Ca. The intracellular free Ca concentration was measured to be between 0.1 and 0.7 microM in the neurones. The changes of intracellular Ca in identified voltage-clamped neurones of Aplysia californica were recorded during iontophoretic injections of Ca2+ or EGTA. The decrease of intracellular Ca following EGTA injection was correlated with the suppression of the Ca-dependent K current and with the reduction of Ca-induced inactivation of voltage-dependent Ca current. In identified neurones of the leech Hirudo medicinalis a reversible increase of intracellular Ca2+ was recorded after inhibition of the Na-K pump, either by addition of ouabain (0.5 mM) or by lowering the external K concentration (0.2 mM). This rise in intracellular Ca2+ did not occur, and was even reversed, in the absence of external Na, suggesting the existence of Na-Ca exchange across the leech neuronal membrane.